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Abstract 
Ergonomics programs tend to be reactive when considering employees’ complaints, absence from work, quantity of work 
accidents and occupational diseases. When organizations do not anticipate future occurrences with a proper model of risk 
management, they become vulnerable. In order to organize the Ergonomics Program of a household appliance company in 
Joinville, a team of 9 persons was structured, and two committees were reactivated. The technical committee discussed 
ergonomic solutions with the engineering department to adequate workplaces and new projects. The employees’ complaints were 
discussed by the medical committee in order to analyze the causal nexus based on ergonomic evaluations of the problem. The 
proactive demand was identified by an ergonomic planning of all manufacturing workplaces which led to the prioritization of 
ergonomic evaluations considering risk classification. Several training courses were conducted aiming to spread out the values of 
ergonomics principles. Then, the resilience engineering principles (learning/responding/monitoring/anticipation) were proposed 
to ergonomics management, making it possible to monitor the ergonomic processes and create integrated indicators. The 
implementation of the model developed in this study has already achieved two meaningful awards in the ergonomics area:  the 
gold award for the best case study of ergonomics and the award for the best case study of the South Region of Brazil. Besides, 
the model has brought many advantages for both company and employees, providing success in the management of ergonomic 
risks, promoting employees’ health and decreasing absenteeism. 
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1. Introduction 
Companies are increasingly employing proactive and participatory programs in order to detect, assess and control 
the risks present in the workplaces that are prone to cause occupational accidents and diseases that could lead to 
absenteeism, prolonged treatment and the replacement of the injured employees. These programs seek to minimize 
the risks through understanding the impact to the business, and reduce the costs envolved. 
Ergonomics programs are used in companies aiming at reducing absenteeism, complaints and reporting work 
accidents caused by musculoskeletal diseases. Consequently, the companies reduce the negative impact of these 
problems to their business and improve the corporate image, reducing compensations due to labor claims. However, 
if the program focus solely on reactive actions, when adverse events happen in the company, the program tends to 
fail once there is no support to deal with them. Whenever there is not a management system directed to prevention, 
the company undergoes the consequences, because occupational diseases can result from an inappropriate 
management system [1]. Therefore, a mature ergonomics program should be developed, aligning the ergonomic 
processes with the strategic objectives of the company, since its implementation until its running [2]. 
This paper approaches the stages of an ergonomics program implemented in a household appliance company, 
whose management is based on the principles of resilience engineering, and gives the characteristic of a proactive 
approach in order to make it sustainable, robust and flexible. In addition, some preliminary results are presented. 
This approach focus on anticipating the actions before undesirable events happen and effectively promotes a culture 
of prevention. Besides the health and safety areas, the company is benefited from the principles of resilience because 
of the promotion of learning and the ability to see opportunities amid problems [3]. Some advantages can be 
highlighted when applying these principles, mainly because it enables the development of capabilities for setting and 
monitoring of the system by the ergonomics management [4].  
The application of resilience engineering concepts is seen as essential for the development of an effective 
management system with flexible capabilities, and at the same time robust ones, of adapting to different situations 
for intervention, monitoring and anticipation of risks. Also the resilience engineering favors the process of culture 
change, making prevention an organizational value. 
2. Resilience engineering 
Resilience is the ability to prevent or reduce the effects caused by adversity [5]. A resilient organization should 
be safe and match four skills [6]: 
 
x Ability to learn: A resilient organization must be able to learn from experience in order to understand the 
situation and be able to draw the appropriate lesson from that. This ability adds value to what is factual. Future 
performance can only be improved if there is a change in behavior from the results of an experiment. Then, 
learning is noted and proven from the change in behavior, but changes to the wrong direction also result in wrong 
lessons to be learned [6]. Therefore, it is necessary to stimulate the learning of all hierarchical levels aiming at 
leveling information and continuous improvement considering the processes, procedures and standards [5]. It is 
also emphasized that learning is not only important when accidents happen, but through every day work, always 
seeking ways to improve it safer.  
x Ability to respond: It has to do with responding to regular and irregular variations, disorders and opportunities. 
The organization should know what to do and when to do it, detecting the situation occurred, recognizing it, and 
classifying it as important as the response. This ability adds value to what is real [6]. 
x Ability to monitor: The organization should monitor what happens, know what to focus on, and develop the 
ability to address a critical value. 
x Ability to anticipate: The organization should develop the ability to anticipate possible events and any changes 
that may affect the operating capacity of organizations either positively or negatively. This ability adds value to 
what is potential. When dealing with the potential, one necessarily recognizes that the future is uncertain and new 
ways of thinking should be considered. There are few organizations that make efforts to monitor the critical, 
especially when there is a long period of stability, and no efforts to anticipate the potential [6]. 
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Therefore, the skills of a resilient system include quick response to disturbances, monitoring and anticipation of 
risks [5]. 
Resilience engineering seeks ways to improve the performance of organizations in a variety of conditions, but 
also develop the ability to avoid undesirable results [6]. This field of engineering brings concepts mainly based on 
competences related to the capacity of detection, anticipation and prevention. Thus, the companies need to develop 
these competences if they want to apply the principles of resilience engineering [5]. It is also emphasized the need 
for developing proactive processes with the ability of anticipating unwanted events, and the need for more robust but 
at the same time flexible and fully adaptable processes. The development of competences through Resilience 
Engineering occurs by increasing the capacity of making adjustments and changing previous decisions taken by 
feedbacks [7]. 
Six indicators demonstrate a resilient system: 
 
x management commitment: understand that health and safety are values for the company;  
x culture of reports: stimulate communication of problems; 
x learning: analysis of everyday work without ignoring learning from accidents, incidents and other events; 
x awareness: people should be aware of the current situation and the system defenses; 
x preparation: the organization or the system actively anticipates the problems related to human performance in 
man-machine systems and prepares itself to deal with them; 
x flexibility: the ability of the system or organization to adapt to complex or new problems in order to maximize 
the ability of solving them without interrupting the overall functionality [8].  
 
Studies have reported that the six principles of resilience engineering are related to flexibility, controllability, 
facility of detection, minimization of failure, limitation of the effects, and administrative controls [9]. It is always 
emphasized the need for developing proactive processes with the ability of anticipating undesirable events, and that 
those processes shoul be more robust but at the same time flexible and adaptable. 
3. Ergonomics management focusing on resilience engineering 
Ergonomics acts in four fronts:  
 
x Design Ergonomics, which contributes during the design phase, through simulations of working conditions 
aiming at proposing improvements;  
x Correction Ergonomics, which is applied to solve the problems that lead to work-related diseases; 
x Awareness Ergonomics, which proposes training of workers in topics related to ergonomics in order to make 
them aware about the identification of diary situations that can result in ergonomic problems; 
x Participation Ergonomics, which integrates the worker in the process of change of working conditions and counts 
on his experience and tacit knowledge, involving him actively [10]. 
 
Ergonomics management, which has a macro approach and seeks to understand the human-organization 
interaction and its complexity [11, 12], must act proactively, and not only based on past historical occupational 
injuries. It is essential to know the ergonomic risks in order to encourage decision-making at an assertive way when 
dealing with them, or even, to antecipate future events that bring potential risks [13]. The knowledge of the risk 
enables its identification, information, priority ranking with the purpose of taking actions on the vulnerabilities, and 
anticipating dangerous situations [14, 15]. Researches in ergonomics have been complemented with resilience 
engineering concepts in a macro approach, in order to optimize the capacity of adjustments, monitoring, 
preservation and maintenance of the operation by the system [4]. 
  




















Fig. 1. Ergonomics actions adopted before the implementation of the program. 
4. Implementation of the ergonomics program with proactive focus 
The phases of an ergonomics program was developed in this research and implemented in a household appliance 
company in 2012. At that time, the company was facing a critical process with high number of complaints related to 
musculoskeletal disorders and employees’ departures for medical treatment purposes, resulting in a high financial 
impact. 
Fig. 1 addresses the ergonomics actions taken in the company before the program was implemented. It can be 
observed from Fig. 1 that there was not a systematic way and the focus was reactive, once employees’ complaints 
were frequent. These data were collected at the occupational physician’s office during employees’ appointment, and 
only the most critical cases with a Work-Related Injury Form were monitored from ergonomics for improvements at 
the workplace. 
The company structured the ergonomics team as follows: one physiotherapist with specialisation in ergonomics 
to coordinate the program; six ergonomics agents, properly trained; one occupational therapist, and one social 
worker. The ergonomics’ four fronts [10] (Design, Correction, Awareness and Participation) were used as the basis 
of the program to enable the identification of ergonomic processes related to each of them. Fig. 2 shows the phases 













Fig. 2. Phases created for building the new model. 
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After defining each front action of ergonomic performance, we defined the ergonomic processes compatible with 
each of them, assessing the scope of the actions, as well as the constraints of each action along with their goals. 
In Phase 5, a proposal was presented employing the principles of resilience engineering, and taking into account 
the four skills of a resilient process: learn, respond, monitor and anticipate [6, 13], along with the ergonomics’ action 
fronts. This was possible through the analysis of each ergonomic process, its scope and purpose, relating them with 
the proposed proactive model presented by the engineering resilience and, from this, define the actions. The new 
model proposes a robust program with a proactive focus, with a sustainable aspect and with a complete scope, 
allowing the prevention. 
4.1. New model proposal 
The new model proposed (Fig. 3) relates the ergonomics’ four action fronts, and seeks to integrate and organize 
their ergonomic processes as the objective proposed by each front. 
 
Fig. 3. New proposed model. 
Each action front is detailed as follows. 
4.2. Awareness ergonomics 
The Awareness Ergonomics is of utmost importance in the process of raising awareness among staff in order to 
spread out the culture of prevention. It is important to disseminate concepts, new knowledge, and guidelines that the 
company wants to tread concerning health promotion, aiming at stimulating a new behavior among employees. New 
attitudes based on knowledge generate new habits. Thus, the ergonomics issue was inserted in several internal 
training modules that were already a routine in the company, since top leadership to the factory floor employees. 
4.3. Correction ergonomics 
The Ergonomics Correction in this model brings the proactive and reactive indicators’ approach. The reactive 
approach comprises the management of musculoskeletal complaints of employees during the appointment at the 
occupational doctor's office, the complaint analysis performed by the occupational therapist and the ergonomic 
assessment performed by the ergonomics team. This approach has to do with the workplace, for further adjustment 
of it. Unlike the first model presented in the previous scenario, this proposal brings a proactive approach that seeks 
the classification of the ergonomic risk of the workplace and the prioritization according to the biomechanical 
demand due to its greater potential for musculoskeletal discomfort. The proactive approach is assessed through the 
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ergonomic mapping previously performed by the ergonomics team. Such ergonomic adjustments are analysed by the 
technical committee, composed of represenatives of engineering, ergonomics, and manufacturing that contribute to 
the projects development. This action takes place even before filling out the Work-Related Injury Form at the 
doctor’s office in the company. 
4.4. Design ergonomics 
By putting into practice the Design Ergonomics, Ergonomy was inserted in the approval system of processes 
and became a component of the group which appove the projects in the company. This approval system happens on 
a regular basis and allows the implementation of various steps required for the approval of projects, and these ensure 
the fulfillment of ergonomic requirements in the design of workplaces. This makes it possible to anticipate possible 
biomechanical constraints, and intervene to minimize eliminate them. 
4.5. Participation ergonomics 
Participation Ergonomics has a fundamental importance in the process of consolidation or internalization of the 
culture of prevention. Once the employee is considered an integral part of the change process, and that his opinion is 
relevant to the identification of vulnerabilities, adjustments and adequacies, it is evident the way to make the 
necessary interventions either at micro or macroergonomics levels. Therefore, the individuals who have the 
knowledge about the work are represented, and it is possible to detect the real needs for improvements, as they are 
invited to actively participate in pilot testing, meetings, Kaizen, or any other relevant process, ranging from the pre-
project implementation to post-deployment in order to validate the improvement. 
4.6. Ergonomics management with focus on the principles of resilience engineering 
After structuring the action areas of Ergonomy, and properly systematize the ergonomic processes, there was a 
necessity to make the ergonomics program stronger and sustainable. Resilience engineering recommends that 
programs that have only reactive focus tend to fail and the organization may suffer because of an inadequate 
management system [12]. In order to promote the culture of prevention, the interaction of the previous program with 
the principles of resilience engineering was assessed. Then, the four main skills of resilience Engineering was 
employed: 
 
x Learning: the program develops the ability of learning from experiences based on historical problems and 
propose changes in behavior to a new scenario;  
x Reply: this ability proposes actions for responding to events and to processes’ variability, and seeks to minimize 
the effects, recognizing what and when to do it; 
x Monitor: the program must have the ability to monitor events and also develop the practice of critical analysis of 
the data collected of the actions of the ergonomic processes for decision-making;  
x Anticipate: developing the ability to anticipate possible future events, the early identification of risk potential for 
the occurrence of intervention in time, and enabling prevention. 
x Table 1 shows the ergonomics management with a focus on the principles of resilience engineering, through the 
analysis of the action fronts of Ergonomy, and the involved demand, which principle of resilience is used and the 
actions taken to achieve these goals. 
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Table 1. Ergonomics Management with focus on Resilience Engineering. 
Action Fronts of Ergonomy Demand (Reactive / 
Proactive) 
Principles of Resilience 
Engineering used 
Actions 
Correction ergonomics Reactive Respond 
Learn 
Complaints Management 
Evaluation of ergonomics 
complaints 














Design Ergonomics Proactive Anticipate 
Learn 
Participation of Ergonomy in all 
phases of the project (from design 
to implementation) 
Garantee of compliance of 
ergonomic principles by the running 
project  
Proposal of changes in innovation 
from the prior reported problems 
Awareness Ergonomics Proactive Anticipate 
Learn 
Monitore 
Promotion of the Prevention 
Culture through trainings for all 
hierarchical levels at the company 
Monitoring of behavioral changes 
through audits and inspections; 
elaboration and dissemination of 
indicators 
 
Participation Ergonomics Proactive Anticipate 
Respond 
Learn 
Inclusion of the actor (employee) in 
the change process 
Internalization of the prevention 
culture 
5. Conclusions 
An ergonomics program need to take proactive actions to become sustainable, once only the anticipation of 
undesirable events can promote prevention. Companies have sought to implement such programs, because it is 
possible to promote the quality of life at work, and at the same time reduce the cost of treatments, departures, 
procedural claims, production fail and absenteeism related to workers’ diseases. The application of the principles of 
resilience engineering provides a broad and systemic view of the problem, and guides ergonomics management to a 
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preventive focus, with goals that meet the organization's objectives. This research showed the importance of having 
a structured and robust program, and mainly focused on proactive actions with the focus on prevention. 
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